A protein which binds to either single-stranded or double-stranded deoxyribonucleic acid (DNA) but not to ribonucleic acid has been isolated by osmotic shock treatment of growing cells. This periplasmic protein differs from the principal intracellular binding protein in its greater thermolability and by the absence of salt-induced cooperativity in its interaction with single-stranded DNA. Certain mutant strains of Haemophilus influenzae defective in the DNA uptake steps of genetic transformation were found to be deficient in periplasmic DNA-binding protein, suggesting that this protein participates in the uptake of DNA in transformation.
Genetic transformation of bacteria requires that the recipient cells interact with external DNA molecules and transfer these external molecules across the cellular boundary in genetically intact form. The ability to carry out DNA transport is a transient property in most transformable species; cultures in which the capacity to be transformed has developed or has been induced are termed "competent" (10, 20) .
Proteins which bind to DNA have been observed in a number of transformable bacteria. Wall-membrane complexes prepared from competent Streptococcus sanguis bound more DNA than did preparations from noncompetent cells, and the binding was inhibited by antibody to intact competent cells (3). A binding protein was observed in wall-membrane complexes of S. pneumoniae. Again, preparations from competent cells were more active in binding, but treatment of preparations from noncompetent cells with autolysin increased their activity to levels characteristic of preparations from competent cells (17) . The pneumococcal binding protein was readily solubilized by washing wall-membrane preparations from competent cells; certain properties of the reaction of this protein with DNA, such as time and temperature dependence of the interaction, suggest that simple binding is not the only process occurring in the presence of the protein (18) . Membrane vesicle preparations from both noncompetent and competent cultures of Bacillus subtilis were found to bind substantial quantities of DNA; there did appear to be a high-affinity binding component which was increased in preparations from competent cells (6, 7). Competent cultures of B. subtilis synthesized a soluble binding protein specific for denatured DNA; this protein was missing in a mutant defective in transformation and was also absent in early sporulating cells (4) .
Transformable Haemophilus influenzae can interact with external DNA in a number of ways, depending on the nature of the DNA and the physiological state of the cells. Log-phase cells can bind single-stranded DNA, but they do not take it up and are not genetically transformed by it. Competent cells can bind and be transformed by double-stranded DNA; the effective interaction of competent cells with singlestranded DNA to yield transformants requires pretreatment of the cells with EDTA at low pH (11) . A degree of competition between singleand double-stranded DNAs in transformation of competent H. influenzae has been observed (11, 12) , and mutants unable to take up either native or denatured DNA have been isolated (1), suggesting that uptakes of single and of double strands may share one or more components.
To understand how H. influenzae transports DNA, we have begun to study the DNA-binding proteins of this species and the possible association of any of these proteins with the cell surface. This paper reports the presence of a peri-lprotein preparation. ' (Fig. 3) .
In contrast, increasing the concentration of salt in assays with the intracellular binding protein led to markedly sigmoidal saturation curves. Hill plots of these and other data gave a slope of 1.1 for the periplasmic binding protein independent of ionic strength; the Hill slope for the intracellular binding protein was a linear function of ionic strength, with values of 1.) at 10 mM NaCl and 2.5 at 300 mM NaCl.
Possible role in transformation. T'o assess the protein's possible role in transfo)rmation, we assayed a series of nmutants defective in DNA uptake (1) for DNA-binding activity in shock fluids. One mutant of this kind, com-58, showed nmarkedly diminished levels of this protein in shock fluids; cyclic phosphodiesterase was also reduced in the shock fluids, but to a lesser extent ( Table 1 ). The quantity of protein solubilized from this nmutant was within the range expected for wild-type cells. Assays of the medium used to grow the mutant failed to reveal the presence of either the binding protein or the cyclic phosphodiesterase, suggesting that the lowered levels of these components in shock fluids was not due to r-elease of them into the growth medium.
Several derivatives of strain co'n-58 were isolated on the basis of their altered transformation properties by using the spot tests described in Materials and Methods. A summary of the transformation fre(luencies and the activities of the periplasmic DNA-binding protein preparations of these strains is presented in Table 2 . 'I'here was a striking quantitative correlation between the transformabilities of these strains and the levels of DNA-binding activity which could be released from them by shock treatment. Strain com-58-R, which has regained 80(' of the transformability of wild-type strains, had ca. 75%/ of the wild-type periplasmic DNA-binding activitv. 
